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SECTION I

INTRODUCTION

This document constitutes the 15th annual report of the Toxic
Hazards Research Unit (THRU), a research team which operates a
dedicated inhalation toxicology laboratory to investigate poten-
ially hazardous chemicals and materials of interest to the U. 8.
Air Force, U. S. Navy and other governmental agencies. The THRU
research team is an interdisciplinary group of University of
California, Irvine, toxicologists, chemists, statisticians, and
engineers supported by Air Force pathologists, veterinarians,
and medical technologists.

The research facilities used by the THRU consist of animal
exposure chambers and supporting laboratories which have previ-
ously been described by MacEwen (1965), Fairchild (1967), and
Thomas (1968).

During the first six years of operation, the primary research
efforts of the THRU were directed to obtaining information on
health hazards of spacecraft flight, and the biological data ob-
tained have been used as criteria for setting continuous exposure
limits and for engineering design factors. The primary research
efforts have in recent years focused more on problems of aircraft
environments, chronic occupational health problems, and the poten-
tial oncogenicity of chemicals used in military and civilian activ-
ities. To this end many of the current research programs serve the mutual
interests of the U. S. Air Force, U. S. Navy and other governmental agencies.

As part of its contract responsibilities, UCI/THRU presents
an annual technical conference to disseminate new toxicological
information to the U. S. Air Force, and other governmental and
industrial scientists. This year's conference chaired by Ralph
C. Wands, presented 22 technical papers covering a broad range of
occupational and environmental toxicology problems. Three papers
were presented by University of California faculty and staff mem-
bers. The open forum discussion following each session resulted
in significant contributions of additional technical information
and scientific exchange. The conference, held 4 October through
6 October, 1977 drew 149 participants including speakers.

The papers presented at the conference were published as the
Proceedings of the 8th Annual Conference on Environmental Toxicol-
ogy, AMRL-TR-77-97, Aerospace Medical Research Laboratory, Wright-
Patterson Air Force Base, Ohio.
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Our next conference, currently in the development stage, will
be held in April, 1979 at the Imperial House South Motel, Dayton,
Ohio. The change in conference dates from fall to springtime was
necessitated by the change in Federal fiscal years which occurred
in 1977. This change makes travel in September or October difficult
for many government workers who attend our conference.

SECTION 1II

RESEARCH PROGRAM

The research activity of the THRU is a continuing program in-
dependent of contract years, with several studies in progress at
the beginning and end of each report period. Experiments that were
initiated and completed during the past year and were of sufficient
magnitude to merit separate technical reports are only summarized
in this document. This year's research program was conducted on a
broad range of chemical materials and includes inhalation studies
of rocket and aircraft fuels. Acute oral and dermal toxicity studies
on a large variety of materials were also conducted.

A Study of the Oncogenic Capacity of Inhaled
Monomethylhydrazine

Evidence that hydrazines administered in drinking water led
to carcinogenic activity in mice (Toth, 1972) and in hamsters (Toth
and Shimizu, 1973) resulted in a series of chronic studies conducted to
examine the inhalation hazard associated with monomethylhydrazine
exposure,

The details of the experimental protocol and rationale were
presented in the last annual report (MacEwen and Vernot, 1977).
Since that report, the original groups of hamsters were replaced
and they are currently being exposed. The exposure and postexpo-
sure observation schedule for each species is as follows:

Terminate
Species Start Exposures Terminate Exposures Observations
Dogs 8 March 1977 7 March 1978 7 March 1985
Mice 8 March 1977 7 March 1978 7 March 1979
Rats 14 April 1977 13 April 1978 13 October 1979
Hamsters 15 June 1977 14 June 1978 14 June 1979

Methods and Materials

Monomethylhydrazine for use in this experiment was prepared
by Olin Corporation. The batch of MMH was purified as much as
possible by bubbling nitrogen gas through it to drive off more
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volatile contaminants. The batch of 5 liters volume was delivered
in two packages and was then repackaged at THRU in 100 ml units
under nitrogen to prevent oxidative changes. This repackaging

was necessary to minimize oxidative degradation during use and
also to reduce occupational health and safety hazards.

Liquid MMH for use as contaminant was analyzed for total MMH
content by titration with an iodine solution. The impurities were
separated by gas chromatography (GC) and identified by mass spec-
trometry (MS). MMH and the impurities were also quantitated by GC
preak area calculation. The details of the methods used for MMH
purity analysis may be found in the last annual report.

For clarity and better understanding of this report, the cham-
ber assignments and concentrations are shown in Table 1.

TABLE 1. CHAMBER ASSIGNMENTS AND CONCENTRATIONS FOR INHALATION
EXPOSURES TO MONOMETHYLHYDRAZINE

MMH Conc., ppm: 5.0 2.0 2.0 0.2 0.2 0.02 Unexposed

Chamber Number: 5 1 2 3 4 8 Controls

Species and Sex

Rats Male 100 - 100 100 - 100 150
Female 100 - 100 100 - 100 150

Mice Female - 400 - - 400 400 400

Hamsters Male 200 200 0 0 200 0 200

Dogs Male - - 4 4 - - 4
Female - - 4 4 - - 4

Experimental Results

Currently the dogs, mice and rats are in the postexposure
observation phase of the study while the hamsters are still being
exposed. The postexposure animals are housed at the Vivarium with
the rodents being maintained in the laminar airflow facilities.
Mortality data for the rodents are shown in Table 2.

TABLE 2. MORTALITY IN RODENTS EXPOSED TO MMH

Exposure
Time,
Species, Sex Weeks Controls 0.02 ppm 0.2 ppm 2.0 ppm 5.0 ppm
Mice, ¢ 52 44 /400 63/400 51/400 39/400 -
Rats, ¢ 52 6/150 1/100 3/100 10/100 10/100
Rats, ¢ 52 4/150 2/100 4/100 7/100 20/100
Hamsters, ¢ 43 13/200 - 16/200 34/200 49/200
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The growth of male rats showed a dose response to MMH exposure
throughout the entire study. This was particularly evident at the
5 and 2 ppm levels (Figure 1) where a large depression in mean body
weight gain was demonstrated. The effects were much less dramatic
at the 0.2 and 0.02 ppm levels but they were statistically different
from the controls throughout the entire exposure period. The mean
weights of the female rats (Figure 2) were more sporadic in nature;
however, the two high level exposure groups remained significantly
below the control group for the duration of the exposure.

400+ 5
O - UNEXPOSED CONTROLS 0
O - EXPOSED  0.02 ppm O O O
00 - EXPOSED 0.2 ppm - O
360 M- EXPOSED 2.0 ppm o0 A
A - EXPOSED 5.0 ppm o—~o0—=0—0 ~
O 0 r M
] RS .
[ i
320+ O A1, /A - o
O
O " _&/ Y
8 A
A
280+ O /A.‘-
A—R
v O ,,'
s A
g 240 o A
w A
»
2004 o
,'/
//A
160
120
T ¥ ¥ ] ] T ] ¥ L) T 1 LY 1
o 2 6 10 14 18 22 26 30 34 38 42 46 50

WEEKS

Figure 1. The effect of chronic inhalation exposure to MMH on the
growth rate of male rats.
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320

r T T T T T T T T T I T 1

0 2 6 10 14 18 22 26 30 34 38 42 46 50

WEEKS

Figure 2. The effect of chronic inhalation exposure to MMH on
growth of female rats.

The mean body weights of the 5 ppm exposure group of hamsters
(Figure 3) showed a definite depression when compared to their re-
spective control group. The two intermediate concentration levels
remained below control values in most cases, but did not show a
clear dose response as was seen in the male rats. After the first
week of exposure, the 5 ppm MMH exposure group was statistically
different than the controls. Except for the 13th exposure week
weighing the 2 ppm exposure group was also statistically smaller
than controls in mean body weight and the 0.2 ppm MMH exposed ham-
ster group was statistically lower than controls at 13 of the 20

weighing periods.
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Figure 3. The effect of chronic inhalation exposure to MMH on the
growth of male Golden Syrian hamsters.

Blood samples were drawn from dogs at biweekly intervals and
determinations made for the following battery of clinical tests:

HCT Bilirubin

RBC - Glucose

WBC Triglycerides
HGB Iron

Alkaiine Sedimentation
~ Phosphatase Rate

SGPT
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Methemoglobin determinations were made on each group of dogs
at quarterly intervals during exposure (3, 6, 9 and 12 months).

The mean red blood cell, hemoglobin, hematocrit and SGPT values
are shown graphically in Figures 4 through 7. The hemolytic effects
seen in the exposed dog groups are similar to those reported in a
previous long-term MMH inhalation study (MacEwen and Vernot, 1971).
Statistical analyses of these hematology measurements revealed a
significant difference between the test groups and the controls at

almost every sampling point.
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Figure 4. The effect of chronic inhalation exposure to MMH on

beagle dog red blood cell counts.
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Figure 5. The effect of chronic inhalation exposure
to MMH on beagle dog hemoglobin levels.
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Figure 6. The effect of chronic inhalation exposure

to MMH on beagle dog hematocrit levels.
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Figure 7. The effect of chronic inhalation exposure to
MMH on SGPT values in beagle dogs.

The SGPT values increased significantly in the 2 ppm group at
the first biweekly sampling and continued to increase for 12 weeks.
This was followed by a slight decline and the values remained in
the 200 to 250 unit range for the remainder of the exposure period.
Twice during the study, at 18 and 46 weeks, one dog exposed to the
0.2 ppm MMH concentration level exhibited an extremely high SGPT
value that returned to a normal level at the next sampling period.
Concurrent with the high SGPT values and also indicative of liver
stress, was an increase in the alkaline phosphatase and bilirubin
values for the 2 ppm MMH exposed dogs.

A statistically significant difference was seen when the met-
hemoglobin values determined for the 2 ppm exposed dogs were com-
pared to the values of their unexposed controls. Each of the mea-
surements made during the course of the exposure as well as at the
conclusion showed higher values for these dogs with group mean met-
hemoglobin values ranging from 0.97 to 1.83 percent. Dogs exposed
to 0.2 ppm MMH were not different from the unexposed control dogs
that had mean methemoglobin values ranging from 0.79 to 0.83%.
Although the increase in methemoglobin in the 2 ppm MMH exposed
dogs is a real treatment effect it is not believed to be clinically

important.
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An additional liver function test was performed on all dogs
at exposure termination and at 2 and 4 weeks postexposure. Brom-
sulphalein (BSP) measured in the blood of the 2.0 ppm exposed dogs,
10 minutes after a 10 mg/kg injection, showed a significant reten-
tion at exposure termination (Table 3) but by the2 week postexpo-
sure examination the BSP measurements had returned to unexposed
control values.

After four weeks postexposure, all blood parameters in expo-
sed dogs had returned to the ranges of unexposed control values.
The return of SGPT values of the 2 ppm exposed dogs to normal levels
by four weeks postexposure (Table 3) was surprising. This was a
much more rapid recovery than seen in dogs exposed to 5 ppm UDMH
that required more than 11 weeks to return to control levels as was
described in the last annual report. The return of BSP and SGPT
measurements in MMH exposed dogs to unexposed control levels in-
dicated that the chronic liver injury was reversible.

TABLE 3. SGPT AND BSP RETENTION IN BEAGLE DOGS AFTER
12 MONTHS CHRONIC INHALATION EXPOSURE TO MMH

(N=8)
Mean SGPT Values (DuPont Int. Units/Liter)
Sample Period Controls 0.2 ppm 2.0 ppm
52 Weeks
Exposed 50.0 75.0 228. 3%
2 Weeks
Postexposure 43.3 36.0 99.5%
4 Weeks
Postexposure 55.0 41.5 41.8

Percent BSP Retention

52 Weeks

Exposed 14.9 20.3 34.5%
2 Weeks

Postexposure 22.9 14.3 23.5
4 Weeks

Postexposure 15.1 16.2 _ 23.9

*Statistically different from the control value at the 0.01 level
of significance.

Although a clear cut dose response in rodent deaths was not
demonstrated, rats and hamsters exposed to 5 ppm had a much greater
mortality rate than unexposed controls and the groups exposed to
lower MMH concentrations. Mice were not exposed to that concentra-
tion because of high mortality previously reported (MacEwen and
Haun, 1971).
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The concentrations of MMH were maintained in each individual
chamber in a satisfactory manner throughout the exposure phase of
the study. The active concentrations were held within 10% of the
nominal air concentrations selected for evaluation. Monthly mean
MMH exposure levels are shown in Table 4. The mean exposure con-
centration for the entire study is also shown.

TABLE 4. MONTHLY MEAN CONCENTRATIONS OF MEASURED
MMH EXPOSURE IN CHAMBERS

(ppm)
Chamber No. 1 2 3 4 5 _8
1977
March 1.98 1.98 .21 .20 5.01 .022
April 1.92 1.89 .19 .21 4.95 .019
May 2.02 1.97 .21 .20 4.95 .022
June 2.01 1.97 .19 .20 4.96 .020
July 2.09 2.09 .20 .20 4.96 .019
August 2.03 1.97 .19 .19 4.96 .019
September 2,11 1.98 .19 .19 5.05 .019
October 2.06 2.04 .21 .20 4.99 .020
November 2.09 2.03 .22 .20 5.08 .020
December 2.00 2.05 .20 .21 5.10 .020
1978
January 2.07 2.00 .21 .22 5.07 .021
February 2.08 2.02 .20 .19 5.04 .021
March 2.08 2.02 .19 .21 5.03 .021
12-Month
Mean Chamber
Concentration 2.04 1.99 .20 .20 5.01 .020

The animals of each species surviving the chronic inhalation
exposure regime to monomethylhydrazine will be held for postexposure
observation and will be necropsied at death for histologic examina-
tion of approximately 33 tissues for oncogenic changes. When the
mortality in any one group of each species reaches 90% the remain-
ing animals will be terminated and histopathologic examinations
conducted. The study is continuing.
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A Study of the Oncogenic Potential of Inhaled Hydra21ne after
Chronic Low Level Exposure

Previous annual reports (MacEwen and Vernot, 1975, 1976 and
1977) provide the rationale, purpose and details of the experimental
protocol for the conduct of chronic inhalation studies to determine
the oncogenic potential of hydrazine in dogs, rats, mice and ham-
sters. The latter two reports contain experimental data including
mortality, body weight measurements, and. clinical chemistry results
for dogs tested during the 12 months of hydrazine exposure and
through many months of the postexposure phase of the study.

The animal exposures were started during the summer and winter
of 1975 and completed one year later. Not all experimental groups
were in phase with respect to the starting dates of the generation
of hydrazine concentration in the exposure chambers. The reasons for
this were explained in previous annual reports and will not be
repeated here.

Experimental Results

At the present time, except for the dogs, all animals are dead.
They either died or were sacrificed due to moribund condition dur-
ing the postexposure phase of the study or were sacrificed at se-
lected time intervals culminating with the necropsy of survivors of
the 1 ppm exposed mouse group and their controls in March of 1978.

Uncertainty in regard to the survival rate of hydrazine expo-
sed rats and their controls prompted an interim sacrifice. Twenty
rats of each sex from each exposure group and 30 of each sex from
the control group were necropsied at 12 months postexposure (24
months in the study). For the same reason, 40 mice from the 0.05
ppm and 0.25 ppm hydrazine exposed groups and 40 of their control
group were sacrificed at 15 months postexposure (27 months in the
study). Remaining groups of rats, mice and hamsters were maintained
until 90% mortality was reached per species at which time concluding
sacrifices were made. The mouse group exposed to 1 ppm and their
controls were treated separately in this regard since they were on
a different time schedule from the other mice used in the study.

As of 14 July 1978, all dogs used in this study will be 24
months postexposure (36 months on test). The dogs were transfer-
red from Brooks AFB to the Vivarium facility of the AMRL Veterinary
Division on 4 April 1978 where they continue to receive quarterly
comprehensive physical examinations and periodic clinical chemistry
determinations.

Mentioned in a previous annual report (MacEwen and Vernot,
1977) was the observation of rectal bleeding in one dog in the
0.25 ppm exposure group at 4 months postexposure. A biopsy was
taken from a 3 x 2 cm growth on the ventral surface of the rectum.
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Histologic examination revealed a low grade adenocarcinoma. Sub-
sequent examination resulted in a change in diagnosis to rectal
polyps. All dogs are currently in good health and clinical chem-
istry determinations madeon these animals fall within normal levels.

The body weights of male and female rats are shown in Figures
8 and 9, respectively, for the entire study. In general, growth was
reduced in all hydrazine exposed rats during exposure but the ef-
fect is most significant in the rats exposed to the 5 ppm concen-
tration. The differences between exposed and control animals were
maintained at a relatively constant level during the first 12 months
postexposure but became less significant during months 25 to 30 of
the exposure as the weight decline of the aging animals was observed.
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Figure 8. The effect of chronic inhalation exposure to hydrazine on
the growth of male Fischer 344 rats.
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Figure 9. The effect of chronic inhalation exposure to hydrazine on
growth of female Fischer 344 rats.

Hamster body weights shown in Figure 10 illustrate a cyclic phenom-
enon for which we have no explanation. This experience was common
to all exposed groups.as well as the unexposed control hamsters
and was relatively severe in all groups. In the final months of
observation of the hamsters only the 5 ppm hydrazine exposed group.
continued to show a significant weight difference from controls.
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Figure 10. The effect of chronic inhalation exposure to hydrazine on
the growth of male Golden Syrian hamsters.

Mean body weights of mice are shown in Table 5 along with their
survival tally. Body weights of exposed mice were unaffected by
hydrazine exposure when compared with their control groups.

Histopathology information is not available at this time,
although all dead animals have received preliminary gross examina-
tion to determine cause of death. Paraffin embedded tissues from
mice and rats have been sent to Huntingdon Research Center, England
for final processing and definitive examination while hamster tis-
sues were sent to the USAF School of Aerospace Medicine, Veterinary
Sciences Division, Brooks Air Force Base, Texas. The study is con-
tinuing and no conclusion or comment on the oncogenic potential of
hydrazine can be made at this time.
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TABLE 5. MEAN BODY WEIGHTS AND SURVIVAL TALLY FOR MICE EXPOSED TO
HYDRAZINE FOR ONE YEAR

Exposure Controls for Controls for )
Time 0.05, 0.25 ppm 0.05 ppm 0.25 ppm 1.0 ppm 1.0 ppm
Months No. Weight,g No. Weight,g No. . Weight,g No. Weight,g No, VWeight,g
Pre 400 16.2 400 18.0 400 16.4 400 17.0 400 16.9
1 397 20.0 396 21.5 399 20.5 400 19.3 395 20.2
2 397 21.6 396 22.2 395 22.0 399 20.7 394 22.0
3 397 22.3 396 23.2 394 22.6 399 21.1 393 22.7
4 397 22.5 296 23.6 393 23.4 399 22.0 301 23.4
5 397 22.5 396 24.1 390 24.0 398 22.3 391 24.1
6 397 23.1 395 24.2 384 24.5 397 22.5 390 24.5
7 397 23.6 393 24.2 384 25.1 396 23.6 382 25.4
8 397 24.0 392 25.3 384 25.5 394 25.6 380 26.0
9 394 23.8 391 25.3 383 26.5 393 25.3 379 26.1
10 392 24.1 390 25.6 383 25.9 391 24.9 376 25.9
11 390 24.6 379 26.9 377 27.0 388 25.2 373 27.2
12 390 25.1 376 27.0 373 27.6 Not Weighed 371 26.8
Months
Post
1 387 26.5 372 26.4 373 26.5 385 25.2 368 26.0
2 382 27.5 369 26.9 370 27.5 375 25.5 350 26.6
3 377 27.4 364 27.0 367 27.2 372 26.6 349 27.4
4 374 27.2 344 26.6 364 26.8 367 26.4 345 26.8
5 369 27.0 335 26.2 358 27.0 358 27.5 342 27.8
6 350 27.6 319 26.0 351 26.1 337 27.6 320 27.3
7 344 28.7 312 26.7 342 27.1 313 28.1 309 27.7
8 337 28.4 295 27.0 330 27.2 293 29.1 309 27.7
9 324 29.1 285 27.8 310 27.7 284 29.5 270 28.3
10 298 28.5 249 27.4 272 27.7 264 30.0 248 28.3
11 272 29.0 233 27.3 252 27.7 242 27.6 226 27.3
12 249 28.9 200 28.0 232 27.8 218 28.7 201 27.5
13 227 28.8 186 27.8 210 27.7 184 27.3 173 26.7
14 210 29.4 152 28.1 179 27.5 153 27.1 133 26.3
15 102 26.2 78 27.0 67 26.1 116 26.1 83 25.1
16 100 27.0 51 27.5 55 27.3 83 27.3 55 25.9

1,2-Dimethylhydrazine Dihydrochloride as a Positive Tumorigenic
Control for Experimental Animal Species used in
Hydrazine Oncogenic Studies

1,2-Dimethylhydrazine dihydrochloride (SDMH dihydrochloride)
has been shown to be a tumorigenic agent to rodents when given by
oral or subcutaneous administration. Toth and Wilson (1971) gave
SDMH dihydrochloride in the drinking water of mice for their life-
times. Ninety-two percent of male and 98% of females developed an-
giosarcomas, mainly localized in the muscle, liver and pararenal
tissues after median latent periods of 42 and 45 weeks. In addition,
24% of males and 44% of the females had lung adenomas after similar
latent periods. Oral doses to rats (Druckrey et al., 1967; Druckrey,
1970) produced adenocarcinomas of the colon and rectum.
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Hawks et al. (1971/1972) report subcutaneous injections of

SDMH dihydrochloride to mice at doses of 15 mg/kg per week for a
total of 22 weeks caused development of tumors in the descending
colon and rectum in 52 of 58 surviving mice. Weekly subcutaneous
injections of 20 mg/kg for 2 to 24 weeks in 34 CFq4 mice were re-
ported by Thurnherr et al. (1973) to have produced multiple carci-
nomas of the colon in 90% of the animals. The earliest tumor was
found in a mouse that died at 135 days.

Oncogenic studies conducted in this laboratory on the hydrazine
compounds utilized specific strains of various rodent species.
These were female C57B1/6 mice, male and female Fischer 344 rats
and male Golden Syrian hamsters.

This study was designed to determine the tumorigenic potential
of the above mentioned animals when treated with a known oncogenic
agent and to serve as a positive control for the current monomethyl-
hydrazine study. The objective is to be better able to evaluate the
tumorigenic effects found in these specific animal strains after
long-term inhalation studies with the hydrazine compounds.

Materials and Methods

The SDMH dihydrochloride used in this study was procured from
Curtin Matheson, Incorporated. A total of 100 grams was received
in 5 gram units. The compound was prepared for injection by mak-
ing a solution in distilled water. A fresh solution was prepared
weekly, prior to the dosing regimen. Prior to injection, the pH
of the solution was adjusted to 6.5 with sodium hydroxide.

Groups of 25 male and 25 female rats and 50 female mice re-
ceived weekly subcutaneous injections of 20 mg/kg SDMH dihydro-
chloride. Groups of 50 each of male hamsters received dose levels
of 10 and 5 mg/kg of the test compound. Similar groups of control
animals were given weekly injections of distilled water. All spe-
cies were scheduled to receive a maximum of 52 injections after
which the survivors were to be held for one year of observation or
until cumulative mortality exceeded 90%.

The rodents used in this study are listed below:

Species, Sex Strain Source

Rats, <« and ¥¢ Fischer 344 Chas. River Breeding Labs.

Mice, ¢ C57B1/6 Jackson Laboratory

Hamsters, ¢ Golden Syrian Chas. River Breeding Labs.
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The animals were fed ad 1libitum and had a complete cage change
twice per week. Assignment of the animals to groups was done using
the THRU Computer Program RANDUM which utilizes the FORTRAN library
subroutine RANF(X). The experiments reported herein were conducted
according to the "Guide for the Care and Use of Laboratory Animals,"
ILAR, National Research Council.

All animals were observed daily for general appearance and
health status. Rats, hamsters and mice were weighed weekly, just
prior to dosing; however, these weights were not recorded. A rec-
ord of animal weights was kept utilizing the same weighing schedule
as in the MMH dome study, i.e., biweekly for rats and hamsters and
group means monthly for mice,

All animals that died or were sacrificed were necropsied.
When cannibalism or autolysis precluded the examination,
a completed record containing this informationwas filed. The ne-
cropsy was defined as external examination, including body orifices,
and examination and fixation of all of the following tissues for
histopathologic examination:

Gross lesions Parathyroids Thymus

Tissue masses or Esophagus Gall bladder
suspect tumors

. Stomach Pancreas

and regional

lymph nodes Duodenum Spleen
Skin Ileum Kidneys
Mandibular lymph Colon Adrenals

node Anus Bladder
Mammary gland Mesenteric lymph _ Seminal vesicles
Salivary gland node Prostate
Larynx Liver Testes
Trachea Thigh muscle Ovaries
Lungs and bronchi Sciatic nerve Uterus
Heart Stern?brae, vertebrae, Nasal cavity
Thyroids or femur (plus ‘

marrow) Brain

Pituitary

Experimental Results

Subsequent to beginning the repeated subcutaneous injections,
a rangefinding LDgg was done for each species. Groups of the three
species of animals were injected with various concentrations of the
1,2 SDMH dihydrochloride. The dosing concentrations were calculated
on the weight of the SDMH alone. The pH of the solutions was not
buffered or neutralized prior to injection. The pH of the solutions
ranged between 0.48 and 1.0.
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The concentration and mortality ratios for each species are
shown below:

Mice, Female, C57B1/6

Dose Level (mg/kg) Mortality Ratio (N=10)
25 10/10
20 9/10
15 1/20
10 0/10

LDgq (95% C.L.) = 17.2 (15.6-19.1) mg/kg

Hamsters, Male, Golden Syrian

Dose Level (mg/kg) Mortality Ratio (N=10)
30 10/10
25 5/10
20 4/10
15 0/10

LD5sgp (95% C.L.) = 22.5 (22.0-25.2) mg/kg

Rats, Male, Fischer 344

Dose Level (mg/kg) Mortality Ratio (N=5)
100 5/5
80 4/5
60 3/5
40 1/5

LDsg (95% C.L.) = 54.8 (31.7-71.3) mg/kg

Rats, Female, Fischer 344

Dose Level (mg/kg) Mortality Ratio (N=5)

80 5/5
60 3/5
40 0/5

LD5so (95% C.L.) = 56.6 (41.9-76.4) mg/kg.
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The LD5p and 95% confidence limits for each species based on
total dose of the compound are shown below:

Mice: 38.2 (34.6 - 42.4) mg/kg
Hamsters: 50.0 (44.4 - 56.0) mg/kg
Rats, male: 121.8 (70.4 - 158.4) mg/kg

Rats, female: 125.8 (93.1

169.8) mg/kg

The hamsters did not differ significantly from the mice in
their response to the toxic effects of this compound. The rats,
however, were more resistant than the other two species but no
difference was noted between the sexes.

The original protocol for the repeated subcutaneous injections
specified doses of 20 mg/kg calculated on the weight of SDMH alone.
This dose proved to be too toxic, resulting in death of mice and
debilitation of the other species. New groups of each species were.
then started using doses of 20 mg/kg SDMH dihydrochloride. . \

This dose produced a chronic toxicity response in the hamsters
after 10 to 12 weekly injections. The hamsters began to lose weight
and die in large numbers after the 12th injection until only two of
the original 50 remained after 15 injections. Histologic examina-
tion of these animals showed diffuse hepatic. toxic insult with changes
as noted: hyalin droplet formation; vacuolation of cytoplasm; swol-
len hepatocytes and nuclei; nuclear membrane invagination; biliary
hyperplasia; bizarre hepatocyte morphology; dilated sinusoids; early
hepatocyte necrosis; bile laking and dissociation of hepatic cords.
No tumors were found in any of these hamsters. Since the 20 mg/kg
dose level proved to be toxic to the hamsters, additional groups of
50 each were started at dose levels of 10 and 5 mg/kg.

Deaths began to occur after 18 injections to male rats. The
rate of mortality (Figure 11) increased following the 24th injection
week. The first mouse and female rat death occurred after 24 injec-
tions. The mortality slope of the female rat group showed a more
gradual increase than was seen with the male rats. The mouse
mortality curve started very similar to the female rats but showed
a sudden rise after 38 weeks. The cumulative mortality of female
rats and mice had reached 90% after 44 weeks and therefore they
were terminated along with their sham injected controls during
May 1978. ' '

Of 25 male rats examined grossly, 13 had lesions associated
with the gastrointestinal tract. The most common of these were
intussusceptions of the colon. Eight of 13 female rats showed sim-
ilar lesions upon gross examination. '
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Figure 11. Cumulative mortality in SDMH injected animals.

Gross pathologic examination of the mice has shown many
tumors in the gastrointestinal area but intussusceptionsof the
colon were not as common.

The results of histopathologic examination of rats to date
are minimal, however, carcinomas appear to be quite common. Re-
sults from five male rats included two mucinous carcinomas of the
colon; a duodenum carcinoma; three Zymbal's gland sebaceous adeno-
carcinomas and a ceruminous carcinoma of the ear.

The hamsters continue on study and will be discussed further
in ensuing reports.
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A 6-Month Chronic Inhalation Exposure of Animals to UDMH
to Determine Its Oncogenic Capacity

Preliminary evidence that hydrazine (NgHy) was carcinogenic
at concentrations near or at the industrial TLV (MacEwen and Vernot,
1974) led to concern for the oncogenic potential of unsymmetrical
dimethylhydrazine (UDMH), another important military chemical which
had been reported to be tumorigenic in animals by Roe et al. (1967),
Toth (1972, 1973), and Druckrey et al. (1967). This concern resulted
in a series of chronic inhalation toxicity experiments conducted
to examine the hazard associated with UDMH exposure.

Materials and Methods

A careful review of carcinogenic testing methods was conducted
to define what animal species and numbers should be used. Carcino-
genic screening procedures generally utilized 100 animals of each
species to be tested. To achieve our goal, it was decided that
groups of 400 mice, 200 rats and hamsters, and 8 dogs would be ex-
posed to 3 air concentrations of UDMH, hydrazine and MMH at or
near the TLV value of 0.5 ppm. Exposures were conducted on a daily
industrial exposure basis for 6 months followed by a prolonged obser-
vation period for potential cancer induction in each species. The
numbers of animals used were based on the maximum numbers for each
species that can be exposed in the THRU chambers and were selected
to permit a statistically valid number of animals of each species
to reach the required age for tumor induction with natural and
toxicologic attrition. One large animal species (the dog) was
selected because it is the most sensitive animal to other chronic
effects of the hydrazines (hemolytic and CNS) and is also the most
suitable species for monitoring hematologic and biochemical status
during the experimental period. The long term postexposure holding
of the dogs with periodic testing of hepatic function will also
provide the data base for determining the capability of UDMH to
produce delayed liver damage.

Animals used in this study, in the numbers mentioned previously,
consisted of female C57 black/6 mice obtained from Jackson Labora-
tories, male CDF (Fischer 344 derived) albino rats from Charles
River, male Engle Golden Syrian hamsters, and beagle dogs, 4 male
and 4 female per group. A separate set of control animals was
provided for the 0.05 ppm test since it was not started at the
same time as 5 ppm and 0.5 ppm experiments. Two chambers were
used for each UDMH air concentration. Each pair of chambers con-
tained as few species as possible to minimize risk of cross infec-
tion. Dogs and rats were housed in one chamber and mice and ham-
sters in the companion chamber. All control animals were maintained
in animal holding facilities.
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The exposure chambhers were operated with nominal airflows of
35 cfm at a slightly reduced pressure of 725 mm Hg to prevent leak-
age of UDMH into the laboratory. Exposures were conducted on a
6 hour/day, 5 day/week schedule. No exposures were made on week-
ends and holidays.

The chamber concentrations of UDMH were generated and contin-
uously monitored with apparatus and instrumentation essentially
the same as used for chronic hydrazine and MMH studies in the past.
Details may be found in previous technical reports (Haun, 1970;
MacEwen and Haun, 1971). Minor modifications in the air sampling
system to increase the frequency of observations were described by

MacEwen and Vernot (1975).

All test animals were observed hourly during exposure and non-
exposure periods for signs of UDMH intoxication and mortality.
Gross and histopathologic examinations were made on all dead animals.
Rats, hamsters and dogs were weighed individually at biweekly in-
tervals during exposure and monthly during the postexposure period.
Mice were weighed in groups and group mean weights followed on a
monthly basis throughout the experimental period. Blood samples
were drawn from dogs at biweekly intervals and clinical determina-
tions made for the following battery of tests;

RBC " Sodium Albumin

WBC Potassium Globulin

HCT Calcium SGPT

HGB Glucose Alkaline

Differential Total Protein Phosphatase
Cell Count

Blood measurements not included in regular biweekly schedule
during the exposure phase of the study but made at the conclusion
of the 5 ppm and 0.5 ppm experiments were:

Blood urea nitrogen SGOT

Chloride Prothrombin time
Cholesterol Cephalin flocculation
Creatinine Bromsulphalein

Of these, tests giving abnormal values were scheduled to be
repeated postexposure at regular intervals until recovery. To
examine for possible hemolytic effects in rodents, blood samples
for hematocrit and red blood cell counts were taken from 5 rats
and 5 hamsters from each group at the conclusion of the 5 ppm and
0.5 ppm exposures. Blood was withdrawn using a nondestructive
suborbital sampling technique.
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Experimental Results

Significant exposure effects of 0.5 and 5 ppm UDMH were limited
to slight to moderate but transitory hepatotoxicity in dogs expo-
sed to the 5 ppm concentration. Dogs exposed to 5 ppm UDMH on a
6 hour/day, 5 day/week schedule developed significantly elevated
serum glutamic pyruvic transaminase (SGPT) levels by the fourth
week of exposure. At 6 weeks the mean SGPT value for the exposed
dogs was 3 times the control level. Throughout the remaining 20
weeks of exposure, SGPT values for the exposed dogs (Table 6) were
stable at levels 3-4 times those of the control group. A trend to
recovery, approximately 50% reduction, was seen in measurements
made 2 weeks postexposure. Subsequent values at 4, 8 and 11 weeks
postexposure showed no further reductions. However, when the dogs
were sampled again (at Brooks AFB where they were being maintained)
at 27 and 47 weeks postexposure, SGPT values were completely normal
when compared with control animal values.

TABLE 6. EFFECT OF 6~MONTH INHALATION EXPOSURE TO 5 PPM UDMH ON
SERUM GLUTAMIC PYRUVIC TRANSAMINASE LEVELS IN DOGS

[Group Mean Values (N=8)]

Weeks of
Exposure Control Group Exposed Group
2 261 32
4 27 T9%
6 27 102%*
8 25 118%*
10 26 118%*
12 31 116%*
14 - _
16 22 88%
18 23 107%*
20 23 99%
22 20 97*
24 22 : 100%*
26 25 86%
Weeks
Postexposure

2 22 ‘ 37%
4 23 42%
8 22 36%
11 .23 35%
27*% 33 30
47* % 40 ' 37

1International Units
*Significant at the 0.01 level
**Measurements made at Brooks AFB.

33




e

Liver function tests were performed on dogs at exposure ter-
mination and at 4, 8, 11 and 38 weeks postexposure. Bromsulphalein
(BSP) measured in the blood of the 5 ppm exposed dogs 10 minutes
following a 10 mg/kg injection showed significant retention at ex-
posure termination, 4 and 8 weeks postexposure. Although the mean
BSP retention values for the exposed dogs at 4 weeks postexposure
indicated no trend to recovery, an examination of individual values
revealed 10-25% reduction in values for 6 of 8 dogs. As seen in
Table 7, recovery occurred at 11 weeks postexposure. BSP measure-
ments made at Brooks Air Force Base 38 weeks postexposure show no
abnormal values for the exposed dogs. Their values for control
and exposed dogs are noticeably less than ours, and probably repre-
sent differences in the BSP test method.

TABLE 7. MEAN BROMSULPHALEIN RETENTION VALUES* IN
CONTROL AND 5 PPM UDMH EXPOSED DOGS

Time Control S5 _ppm
Exposure
Termination
26 Weeks 18.1 30. 3%x*
Weeks
Postexposure
4 Weeks 20.7 29 .5%%
8 Weeks 12.8 30.0%x*
11 Weeks 18.0 21.8
38! Weeks 11.4 12.3

*Percent retention.
**Significantly higher than controls at the 0.05 level.
!Measurements made at Brooks Air Force Base.

Examination of hematocrit and BRBC determinations made immedi-
ately postexposure on rats and hamsters showed no abnormalities.
Likewise, results of hematocrit, hemoglobin, RBC and reticulocyte
measurements on dogs showed no effects of exposure to UDMH.

Mean body weights measured biweekly during exposure and monthly
postexposure to 5.0 and 0.5 ppm UDMH are shown for rats in Figure
12 and for hamsters in Figure 13. The rats exposed to UDMH grew
at a slower rate than their controls but the rate increased after
removal from the exposure at 6 months. Their growth thereafter
exhibited a normal weight pattern for Fischer 344 rats when com-
pared with other groups used in our laboratory. The weight loss
seen in unexposed control rats was associated with a large number
of deaths. Approximately 40 control rats died from an epizootic
respiratory infection which occurred in an animal holding facility
3 months after the exposure phase of the study. Fortunately all
other experimental animals were maintained in a different location.
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The effect of chronic éxposure to in-
haled UDMH on the growth of male
hamsters.
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TABLE 8. TUMOR INCIDENCE IN CONTROL AND UDMH EXPOSED C57BL/6 MICE

Set 1 Set 2
Unexposed 5 ppm 0.5 ppm Unexposed 0.05 ppm
Tumor Type Controls Exposed Exposed Controls Exposed
Lung
Alveolar/Bronchiolar
Adenomas 6/320 11/337 7/331 3/340 4/355
Alveolar/Bronchiolar
Carcinomas 0/320 0/337 3/331 1/340 1/355
Liver
Hepatocellular
Carcinoma 2/332 4/342 7/344 2/349 1/363
Pituitary
Carcinoma 2/255 1/251 1/257 3/270 3/320
Adenoma 1/255 3/251 3/257 13/270 10/320
Chromophobe
Adenoma 29/255 24/286 2/257 48/270 34/320
Thyroid
Follicular Cell
Adenomas 25/258 13/286 20/278 20/293 17/311
Follicular Cell
Carcinomas 2/258 5/286 8/278 0/293 1/311
Uterus
Leimyosarcoma 0/304 3/312 3/311 1/328 3/348
Ovary
Tubular Adenoma 3/279 1/308 4/287 2/324 4/336
Circulatory System
Hemangioma 6/346 5/360 2/368 1/355 2/374
Hemangiosarcoma 3/346 19/360** 3/368 1/355 8/374%
Hematopoietic System
Malignant Lymphomas 87/346 112/360* 98/368 94/355 102/374
Kupffer Cell Sarcoma 0/346 8/360* 0/368 1/355 4/374
Plasma Cell Tumor 1/346 2/360 1/368 1/355 4/374

*Significant at the 0.05 level as determined using Fischer's Exact Test.
**Significant at the 0.01 level as determined using Fischer's Exact Test.
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TABLE 9. TUMOR INCIDENCE IN CONTROL AND UDMH EXPOSED FISCHER 344 RATS

Set 1 Set 2
Unexposed 5 ppm 0.5 ppm Unexposed 0.05 ppm

Tumor Type Controls Exposed Exposed Controls Exposed
Lung

Bronchiolar Adenoma 1/196 8/191% 2/182 5/189 0/192
Squamous Cell '

Carcinoma 0/196 4/191 0/182 0/189 0/192
Liver

Hepatocellular

Carcinoma 0/193 6/188* 2/189 0/197 0/193
Pancreas

Islet Cell Adenoma 3/132 8/158 12/169%* 0/170 3/174
Pituitary

Chromophobe ¥ ¥ %

Adenoma 39/166 89/174 72/169 69/171 76/182
Kidney

Carcinoma 0/197 1/190 0/196 0/195 0/196
Adrenal

Adenoma 0/189 1/188 1/177 0/194 1/188
Brain

Astrocytoma 0/182 1/178 1/189 0/199 2/182
Glioblastoma 0/182 1/178 0/189 0/199 0/182
Malignant Neural

Neoplasm 0/182 0/178 17189 0/199 0/182
Pinealcytoma 0/182 1/178 0/189 0/199 0/182
Hematopoietic System

Malignant Lymphoma

and Leukemia 17/199 19/196 20/193 51/200 39/197
Skin & Miscellaneous "

Fibrous Histiocytomas 1/199 9/196 6/193 1/200 0/197

*Significant at the 0.05 level as determined using F%scher 's Exact Test.
**Significant at the 0.01 level as determined using Fischer's Exact Test.

37




The impact of UDMH exposure on hamsters was dramatic as seen
in Figure 13. Growth was arrested during the 6 months of exposure
and was erratic during the remainder of the study. ‘

The growth of mice and beagle dogs was unaffected by UDMH ex-
posure and the surviving dogs continue to be in good health. The
dogs were returned to Wright-Patterson Air Force Base from Brooks
Air Force Base in April 1978 for further postexposure observation.

Analysis of histopathology data revealed no differences in
types of lesions seen in UDMH exposed and control mice. There
were, however, significant differences in tumor incidence of sev-
eral types between the unexposed controls and those mice exposed
to 5 ppm UDMH as seen in Table 8. While most tumor types were
similar in incidence, hemangiosarcomas, malignant lymphomas and
Kupffer cell sarcomas occurred in excess in this UDMH exposure
group. In particular Kupffer cell sarcomas were only seen in 1
of 701 control mice examined while 8 of 360 mice exposed to 5 ppm
and 4 of 374 mice exposed to 0.05 ppm had this unusual tumor form.

Hemangiosarcoma incidence was excessive in both 5 ppm and 0.05
ppm exposed groups but was not dose related. The 0.5 ppm UDMH group
had no excess tumors and the 0.05 ppm group was compared with its
own set of controls which had a lower spontaneous incidence of
hemangiosarcomas. |

Fischer 344 rats were similar to UDMH exposed mice in that the
same pathologic lesions were seen in both exposed and control ani-
mals. They differ as shown in Table 9 in that no excess tumors
were found in the lowest exposure group and there was no specific
dose response seen in the 5 ppm and 0.5 ppm UDMH exposure groups.
The UDMH exposed rats in this study had an increased incidence of
bronchiolar adenomas, hepatocellular sarcomas, pancreatic islet cell
adenoma, pituitary chromophobe adenomas and miscellaneous fibromas
and fibrous histiocytomas.

A single male dog exposed to 5 ppm UDMH died in the 19th month
of the study, 65 weeks postexposure, after a rapid and unusual weight
loss but with no apparent loss of appetite. At necropsy a large
amount of food was found in the intestinal tract. The principal
findings on gross examination were a large volume of serosanguineous
fluid in the thoracic cavity and a very large white multilobulated .
neoplastic mass which appeared to encapsulate the heart, portions
of the lung and to invade these tissues as well as the costal pleura.
The right popliteal lymph node was also greatly enlarged. Histologic
examination of the neoplastic tissue growth was performed and a di-
agnosis made of reticulum cell sarcoma of multicentric origin. The
sarcoma was metastatic to the lung, pleura and vascular adventitia
of thoracic vessels. The right popliteal lymph node also contained
an area of reticulum cell sarcoma. No significant lesions were
seen in any other tissue examined.
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The variance in numbers of tissues examined for rats and mice
in each group from the numbers placed in the study at onset was due
to losses from autolysis, occasional cannibalism, escape from expo-
sure cages and in the case of thyroid or pituitary glands, inability
to find any tissue in some animals.

The histopathology data for hamsters exposed to UDMH and their
controls are not yet complete but on the basis of the 3 species examined
thus far it is clear that the impure UDMH used in these oncogenic
studies is weakly tumorigenic when inhaled at the 5 ppm concentration.

We believe that the small amount of N-nitrosodimethylamine
present in this UDMH as a 0.12% impurity contributed sig-
nificantly to the oncogenic changes observed in the 5 ppm exposure
group. We were able to demonstrate that this small amount of im-
purity of a very potent carcinogen was responsible for the hepato-
toxicity observed in the dogs exposed to the highest UDMH concen-
tration and as was reported in the 1976 annual report (MacEwen and
Vernot), increased liver cell changes on orally dosed mice.

Daily exposures of C57B1/6 mice to purified UDMH at a 5 ppm
concentration were initiated in June of this year to determine if
excess tumors can be produced without the N-nitrosodimethylamine
contamination.

Chronic Effects of Low Level Inhalation Exposures to
Fluomine Particulates

The compound fluomine [9oba1t-bis(B-fluorosalicylaldehyde)—
ethylenediiminé], when activated, is capable of selectively ab-
sorbing oxygen from the air and upon heating will release pure
molecular oxygen. This oxygen-scavenging property renders it use-
ful as a possible compcnent in life support systems for highalti-
tude aircraft flights.

Materials and Methods

Preliminary studies of two-week duration as well as a 6-month
chronic inhalation exposure were detailed in the previous annual
report (MacEwen and Vernot, 1977). Included in that report were
data obtained during the 6-month exposure period to 0.1 and 0.5
mg/m3 aerosol. The animal groups for each exposure concentration
and controls consisted of 100 male rats, 140 female mice, 24 guinea
pigs and 8 dogs. The exposures were conducted 6 hours each day,
five days per week. This report covers data accumulated since
that time.
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The fluomine particulates, produced by a Wright Dust Feeder®
were generated into a 200 liter mixing chamber prior to being drawn
into the exposure domes by negative pressure. Regulation of the
dust feeder gear ratios and/or the air passing through the mixing
chamber controlled the concentration as well as the particle size
entering the chambers.

Analysis of fluomine concentration was accomplished by taking
hourly filter samples for colorimetric analysis. The fluomine
samples were dissolved in 1N HNO; and absorbance at 365 nm mea-
sured using a GCA McPherson spectrophotometer. Checks were made
by counting the particles in the 1.4 - 3.0 um range using the Royco®
analyzer. Since the greater part of the mass of the fluomine was
included in this size range, fluctuations in chamber concentration
could be easily detected by changes in the channel output represent-
ing this range.

Experimental Results

The mean concentration of fluomine aerosol in the planned
0.5 mg/m® exposure study was 0.51 mg/m durlng the 117 days of
exposure with a range of 0.37 to Q.79 mg/m In the planned
0.1 mg/m® study the mean concentration for the entire study was
0.10 mg/m® with excursions of 0.06 to 0.17 mg/m®.

All dogs and 10% of the rats and mice were sacrificed at the
conclusion of the 6-month exposure portion of the study. Gross
examination of these animals failed to reveal any exposure-related
lesions. The only significant change in the organs examined by
light microscopy was a higher incidence of diffuse, mild conges-
tion with intraalveolar edema and the degree of severlty of hydro-
ric degeneration in the livers of the 0.5 mg/m group of dogs. No
differences were found in the organs of the mice or the rats when
compared to their respective control groups. The significant find-
ings are shown in the following table:

TABLE 10. SIGNIFICANT HISTOPATHOLOGY FINDINGS IN DOGS EXPOSED TO
FLUOMINE AEROSOL (N=8)
Concentration, mg/m3

Organ 0.5 0.1 0.0
Lung:
Congestion, diffuse, mild 4 0 0
Intraalveolar edema 4 0 0
Liver:
Vacuolation, hydropic, minimal 0 0 7
Vacuolation, hydropic, mild 2 4 0
Vacuolation, hydropic, moderate 3 0 0
Vacuolation, hydropic, severe 3 1 0
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Fluomine exposed rats showed a statistically significant de-
pression in mean body weight gain (Figure 14) throughout the study.
Although the test rat groups differed from the control groups, they
rarely differed from each other and a dose~effect relationship was
not established. Following transfer to laminar flow animal rooms,
the rat groups showed a slight increase in mean body weight gain.
Although all groups showed this increase, the test groups remained
below the control group.
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Figure 14. The effect of fluomine aerosol inhalation on growth of
male rats.

The guinea pig mean body weights did not differ significantly
from the control group during the exposure phase except for short
periods of successive weighings as shown in Figure 15. The control
group showed a drop in mean weights for a period of four months
but then recovered to previous levels. The mean body weight dif-
ferences noted in the guinea pig groups were transient in nature
and not consistent throughout the study. A dose-response relation-
ship was not seen.
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Figure 15. The effect of fluomine aerosol inhalation on growth of
guinea pigs.

At the present time, these animals have completed the 12-month
postexposure period. Initially, the protocol for this experiment
scheduled that all surviving animals be sacrificed at the end of
the observation period. However, only 16% of the rats and 23% of
the mice had died by the 18th month and surviving animals appear
to be in good health. Because holding animals for a longer peri-
od might reveal some long-term toxic effects of fluomine aerosol
exposure, it was decided to sacrifice 50% of the remaining rats
and mice at that time and hold the remainder for an additional
six months at which time a sacrifice will again be considered. As
mortality in the guinea pig group has been much higher, about 70%,
all of the animals were sacrificed. The numbers of animals sac-
rificed in this study to date are shown in Table 11.
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TABLE 11. POSTEXPOSURE SACRIFICE OF FLUOMINE AEROSOL
EXPOSED ANIMALS

Age at
Fluomine Animal Species & Sacrifice Number of
Conc., mg/m? No. Sacrificed (weeks) Survivors
0.5 9 Guinea Pigs 93 0
37 Rats 21 37
50 Mice 91 52
0.1 5 Guinea Pigs 93 0
35 Rats 91 34
45 Mice 91 44
0.0 8 Guinea Pigs 93 0
34 Rats 91 34
46 Mice 921 46

Gross pathology examinations of the animals sacrificed at
18 months failed to reveal dose-related lesions in any of the ani-
mal species. Histopathologic results will not be available for
several months and will be discussed in the next annual report.

The histopathologic information which will be available in
the near future should provide us with the data necessary for pre-
dicting a safe exposure level for humans. Until that is available
a safe level predicted on the dog histopathology data appears to
be 0.1 mg/m?.

The Effects of Subchronic Exposure of Rodents to
Inhaled Decalin Vapors

Decalin (decahydronaphthalene), a commonly used alicyclic hydro-
carbon solvent, does not have an established Threshold Limit Value
(TLV) and available experimental data are insufficient for es-
tablishing a 1limit. The acute oral LDs, for rats is reported
(Smyth et al., 1951) to be 4170 mg/kg of body weight indicating
a low order of toxicity by this route although it is reported to
be capable of producing dermatitis. Cardeni (1942) reported that
repeated daily 8-hour inhalation exposures to three guinea pigs at
319 ppm of decalin resulted in one death at one day, a second death
at 21 days, and the third animal died on the 23rd. On gross and
microscopic examination of the tissues of these animals the prin-
cipal positive pathologic findings were 1lung congestion, kidney
and liver injury. Gage (1970) described the exposure of eight rats
to 200 ppm decalin for 20 days on a 6 hour/day schedule with no
, toxic signs and grossly normal visceral organs at necropsy. A
4-hour single exposure of rats to 1000 ppm caused death in three
of eight exposed rats. The deaths were preceded by tremors and
convulsions.
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These data were not sufficient for estimating safe interim
exposure limits pending chronic toxicity studies since no controls
were evaluated and histologic examinations were not conducted.
Therefore, this study was designed with the purpose of gathering
additional subchronic toxicity data on decalin and evaluating the
need for chronic inhalation toxicity studies.

Acute Studies

Prior to initiation of the subchronic portion of these studies,
some preliminary acute inhalation exposures were performed on male
rats (Sprague-Dawley), female mice (CF-1) and male guinea pigs
(Hartley-derived). The rats were obtained from Harlan Industries,
Incorporated, the mice from Charles River Breeding Laboratories,
Incorporated, and the guinea pigs from Sweetwater Farms, Incor-
porated. Prior to exposing the animals to known decalin vapor concen-
trations, rats and mice were exposed to essentially saturated vapors
for various time periods.

Exposure of groups of five rats to saturated vapors for 4, 2
and l-hour periods resulted in the death of 5, 5, and 2 rats, re-
spectively. The rats were hyperactive early in the exposure but
after approximately 40 minutes exhibited tonic convulsions, tremors,
and prostration. Rats that survived two hours or more of exposure
were paralyzed in the posterior half of the body and this paralysis .
persisted for several days. None of the paralyzed rats survived
the 1l4-day postexposure observation period.

In these preliminary experiments, 5 of 8 mice died after 4
hours exposure to nominally saturated vapors while none of 10 died
after 1 hour. As seen in rats, the primary signs of acute toxicity
were tonic convulsions and tremors. However, none of the survivors
showed the paralytic effect seen in rats.

Following the preliminary saturated vapor exposures, rats
and mice were exposed to measured concentrations of decalin
vapors to determine the 4-hour LCsy. The exposure concentrations
and mortality results are shown in Table 12.

Rats were asymptomatic throughout the 4-hour exposure to 375
ppm decalin vapors and showed no apparent delayed effects during
the subsequent 14-day observation period. Five guinea pigs were
exposed to this same concentration of decalin to determine its
suitability for chronic exposure testing, and they were also
asymptomatic.

Gross pathology examination of the rats that died showed
mild to severe congestion of the lungs with occasional areas of
atelectasis. Reticulation of the liver and pale coloration of
most organs was a common finding at all concentration levels.
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TABLE 12. FOUR-HOUR INHALATION TOXICITY OF DECALIN TO
MALE SPRAGUE-DAWLEY RATS AND FEMALE CF-1 MICE

Rats Mice
Conc., ppm Mortality Conc., ppm Mortality
980 5/5 1085%* 5/10
820 4/5 993 1/10
785 2/5
625 2/5
375 0/5

IC50 (95% C.L.) = 710 ppm (619-816)

*Essentially saturated vapor (theoretical concentration
at saturation = 1150 ppm).

Subchronic Studies

Three groups of 100 male Sprague-Dawley rats (Harlan Industries),

100 female CF-1 mice (Charles River Breeding Laboratories) and 25
male Hartley-derived guinea pigs (Sweetwater Farms) were exposed to
decalin in inhalation exposure chambers at concentrations of 50 or
250 ppm, or served as controls in conventional housing for 30 days.
The selection of 250 ppm as the high level exposure concentration

.for this study was based on its dosage equivalency to the 375 ppm
4-hour decalin exposure tests conducted in the acute studies that

had not caused any ill effects in rats and guinea pigs.

The animal exposures were conducted for 6 hours per day, on a
5 day per week basis with continuous monitoring of the decalin con-
centrations. The rats and guinea pigs were weighed initially, at
15 days, and at termination. Organ weights (lungs, heart, liver
and kidneys) were determined on 20 rats from each experimental
group and organ to body weight ratios were calculated. These an-
imals were killed by barbiturate overdose followed by exsanguina-
tion. Fasting body weights were used for this calculation. Ter-
minal body weights for purposes of determining overall weight change
were obtained on the previous day in the nonfasting state.

The remaining animals were sacrificed by chloroform inhalation.
Representative tissues from these animals were preserved in for-
malin. Histologic evaluation was generally confined to trachea,
lungs, liver, kidneys, and urinary bladder. In addition, any
lesions noted during the gross necropsy were similarly examined.
Guinea pigs exposed to decalin had statistically significant lower
mean body weights at each interval as compared to the unexposed
controls. The exposed groups of rats weighed more than controls
after 15 days exposure but weighed significantly less than unexposed
controls at termination of the experiment.
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The body weight data for each group are presented in Table 13.

TABLE 13. MEAN BODY WEIGHTS OF MALE GUINEA PIGS AND MALE
SPRAGUE-DAWLEY RATS EXPOSED TO DECALIN FOR 30 DAYS

Mean Body Weight, g

Exposed Exposed

Species Conc., ppm Preexposure 15 Days 30 Days
Guinea Pig? Control 600 726 807
50 608 681? 757°
250 508 662° 751°
Rat? Control 211 288 351
50 211 298° 330°
250 212 300° 337°

N=25

Slgnlflcantly different from control (p <0.05)
dSlgnlflcantly different from control (p <0.01)
N=100

Data obtained from rats sacrificed for organ weight measurement
are shown in Table 14. Lung, heart and liver weights for the two
test groups were significantly lower (p <0.01) than the control
group but there were no significant differences in organ-to-body
weight ratios. There were no significant differences in the kidney
weights; however, the ratios were significantly higher (P <0.01) for
the test groups when compared with the control group.

TABLE 14. MEAN TERMINAL BODY WEIGHTS, ORGAN WEIGHTS, AND ORGAN-TO-
BODY WEIGHT RATIOS OF MALE SPRAGUE-DAWLEY RATS
EXPOSED TO DECALIN FOR 30 DAYS?

Unexposed 50 ppm 250 ppm
Control Exposed Exposed
Body Wt.(g) 355 297 305
Lung Wt.(g) 1.82 1.657 1.66°
Ratio (%) 0.543 0.555 0.546
Heart Wt.(g) 1.10 1.01° 1.01¢
Ratio (%) 0.327 0.339 0.331
Liver Wt.(g) 10.07 8.86? 9.58°
Ratio (%) 3.00 2.98 3.15
Kidney Wt.(g) 2.20 2.18 2.23
Ratio (%) 0.659 0.73% 0.773
IN=20

Slgnlflcantly different from control (p <O. 01).
Slgnlflcantly different from control (p <0.05).
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At necropsy no gross lesions were seen which could be attrib-
uted to exposure to decalin.

On microscopic examination, hyalin droplet formation charac-
terized by multifocal to diffusely distributed mononuclear cells
containing large, deeply eosinophilic globules was noted within
the tracheal epithelium of the test and control rats. The inci--
dence and severity of this finding was significantly greater in
the test groups than in the control group. The difference in in-
cidence of these findings between the two test groups was minimal;
however, the severity of the changes was greater in the 250 ppm
decalin exposure group.

Electron microscopic examination of the trachea, bronchus
and alveolar tissues of rats exposed to decalin gave evidence
that respiratory irritation was produced. This irritation effect
was manifested in rats exposed to 50 ppm decalin by loss of ciliatéd
cells and proliferation of cells interpreted to be goblet cells in
tracheobronchial epithelium. Rats exposed to 250 ppm had these
same changes, plus the presence of exudate on tracheobronchial
epithelium and prominence of cells interpreted to be type 2 alve-
olar pneumocytes.

Hydropic change was observed in the hepatocyte cytoplasm of
all rat groups and there appeared to be a definite dose relation-
ship in the incidence and severity of these changes. The controls
showed a 24% incidence of minimal change without any more severe
changes. By contrast, the 50 and 250 ppm exposure groups, while
showing approximately the same number of minimal changes - 25 to
31% - showed a dose-related response in the severity of changes.
The 50 ppm group exhibited, on a scale of O to 4+, 15% 2+ and 8% 3+,
whereas the 250 ppm group showed 21% 2+ and 29% 3+. We believe
that these changes were the result of a reversible accumulation
of water as the result of biochemical injury.

Hyalin droplet formation within the proximal tubular epithe-
lial cytoplasm was observed in both exposed and control groups of
rats. There was, however, a definite dose-response in both inci-
dence and severity of change. On a scale of 0 to 4+, the unexposed
rats showed a minimal change (1+) in 46% of the animals with the
remainder showing no changes. Rats exposed to the 50 ppm decalin
concentration showed changes of 1+ in 23%, 2+ in 39%, and 3+ in
25%. No grades of 4+ were reported. Rats exposed at the 250 ppm
level showed changes of 1+ in 1%, 2+ in 33%, 3+ in 41%, and 4+ in
25%.

The primary change noted in the urinary bladder of rats con-
sisted of a fine cytoplasmic vacuolization of the superficial epi-
thelial cells which imparted a "foamy'" appearance to them. Since
this change was observed in 8% of the controls, 17% of the 50 ppm,
and 32% of the 250 ppm rats, it would appear to be dose related.
The significance of this finding is not known.
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Histologic findings in the mice generally did not appear to
be related to exposure to decalin with the exception of hepatocytic
vacuolization of the cytoplasm in 7% of the controls, 5% of the 50
ppm exposed mice, and 52% of the 250 ppm decalin exposed mice.
Again electron microscopy examination revealed evidence of respira-
tory irritation. The evaluation of tracheal sections was hampered
by the loss of prepared control sections; however, there was loss
of cilia in bronchial epithelium and the presence of exudate in
both bronchi and alveoli in exposed animals. Cells believed to
be Type 2 pneumocytes were seen in the alveolar areas of mice ex-
posed to either 50 or 250 ppm decalin.

The only histopathologic finding in guinea pigs apparently
due to decalin exposure was alveolar irritation. Mild to severe,
focal to multifocal, chronic, active pneumonia consisting of thick-
ened alveolar septae with exudation of mononuclear cells, neutrophils
and septal macrophages into the alveolar spaces occurred in 4% of
the controls, 36% of the 50 ppm group, and 20% of the 250 ppm group.
While these lesions are not dose related, they may represent alve-
olar irritation due to decalin exposure.

No deaths occurred in groups of rats, mice and guinea pigs
exposed for 30 days to 50 ppm and 250 ppm decalin on a 6 hour per
day, 5 day per week schedule and there were no overt signs of
toxicity during exposure. The animals appeared normal throughout
the study. Both exposed groups of rats and guinea pigs gained
less weight than their controls as a result of decalin exposure
but the differences were not dose related. Histopathologic changes
attributed to decalin exposure were seen in the trachea, liver,
kidney and urinary bladder of exposed rats. Incidence and severity
of these changes appeared to be dose related except for the hyalin
droplet formation in the trachea. In mice, the only decalin expo-
sure related changes were seen in the liver, and histopathologic
findings in exposed guinea pigs were limited to alveolar irritation.

The incidence of micropathologic lesions noted in exposed
animals indicate that the concentrations of decalin used were suf-
ficient to produce tissue irritation characteristic of hydrocarbon
toxicity and actual degenerative changes in rats. The environmental
concentrations of decalin used in this series of animal exposures
produced significant toxic changes in rodents after 22 days of re-
peated 6-hour industrial type exposures conducted over a 30 day
period. These results also indicate that the 25 ppm decalin level
suggested by Gerarde (1967) may be unsatisfactory for repeated daily
exposure. Chronic inhalation exposure studies are recommended for
evaluation of safe exposure levels. Chronic exposure studies should
include tests of liver and kidney function since histologic changes
of these tissues were seen in rats and liver changes were seen in
decalin exposed mice.
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Evaluation of Toxic Effects of 90-Day Continuous Exposure to
Conventional JP-5 Jet Fuel

Petroleum distillates have been used as large scale sources
of energy for over one hundred years, and since the advent of the
internal combustion engine, vast quantities of distillate fractions
have been introduced into man's working environment. The develop-
ment of jet engines as almost universal power plants for commer-
cial and military aircraft has led to the use of a number of pe-
troleum distillate fuels with special properties. These are less
volatile than the gasoline fractions used in conventional internal
combustion engines.

Despite long industrial and environmental experience with
petroleum distillates, little investigative work was done on the
toxicological characteristics of these fuels until Drinker et al.,
(1943) exposed groups of human volunteers to known concentrations
of gasoline vapor. They found that for concentrations up to 0.03%
(1060 mg/m®) the major complaint was eye irritation. When the con-
centration reached 0.26% (2150 mg/m3) symptoms appeared of mild
exhilaration and muscular incoordination characteristic of moderate
ethanol ingestion. At a concentration of 1.1% or 38,800 mg/m®, the
subjects were described as decidely drunk, most within 5 minutes.

As a result of these studies and industrial experience, the
ACGIH assigned a TLV of 500 ppm or 1760 mg/m3 to gasoline. Then
in 1963, Elkins et al. pointed out that the relative concentration
of benzene in air after evaporation of gasoline, either totally or
partially, would be greater than its volume or weight concentration
in the liquid phase leading to the possiblity that the Threshold
Limit Value (TLV) of benzene at that time, 25 ppm, might be exceeded
in a gasoline concentration that did not exceed its TLV. 1In re-
sponse, the ACGIH in 1967 changed its approach in favor of deter-
mining the TLV on the basis of the content of benzene, other aro-
matics and additives in gasoline or petroleum distillates.

In 1973, the THRU undertook an 8-month study of JP-4 jet fuel
under a 6 hour/day, 5 day/week exposure regimen. In this experi-
ment, the aim was to generate concentrations of JP-4 which con-
tained 25 and 12.5 ppm of benzene and as a positive control 25 ppm
benzene alone which was the current TLV. Preliminary experiments
indicated the concentrations of JP-4 were 5 and 2.5 mg/liter. As different
containers of JP-4 were used, the benzene content changed slightly,
and the concentrations of JP-4 vapor were changed to keep benzene
concentrations constant.

Activity depression was noted during the initial 3 weeks of
the study in dogs and monkeys exposed to benzene or JP-4 vapors.
A statistically significant increase was noted in RBC fragility
in female dogs between the 10th and 27th weeks of exposure to
5 mg/liter. The increase was not seen in dogs exposed to the
lower concentration of JP-4 or benzene. At sacrifice, immediately
postexposure, the liver, spleen and kidney weights of rats exposed
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to 5 mg/liter JP-4 were significantly higher than controls, and
there was a higher incidence of chronic murine bronchitis in the
rats exposed to either concentration.

Twenty of each species of rodents in this study were held for
postexposure observation and survivors sacrificed one year post-
exposure. The only exposure related pathologic lesions were in-
creased hemosiderin deposits in the spleens of rats exposed to
both concentrations of JP-4 and benzene alone.

The jet fuel of interest to the U. S. Navy is JP-5 which dif-
fers from JP-4 primarily in being less volatile. The Navy has in-
terest in determining chronic effects of exposure to JP-5 and in
comparing these effects to those of JP-4. Because the Navy jet
fuels are carried and transferred in enclosed areas aboard ship
where crewmen might be continually exposed over the length of a
cruise, a 90-day continuous exposure was selected for use.

Materials and Methods

This study was designed to determine the toxic effects, in-
cluding oncogenesis, of 90 day continuous exposure of test animals
to JP-5. Conditions were chosen for the experiment to simulate
exposure conditions peculiar to the Navy and to permit comparison
with previous exposures to JP-4.

Rats, mice and dogs were exposed toc JP-5 by the inhalation
route continuously in chambers for 90 days. The higher exposure
concentration was intended to be that which produced a benzene
concentration of 10 ppm, and the lower a 1 ppm benzene exposure.

One third of the rodents and all dogs were sacrificed immedi-
ately on termination of exposure for detection of any pathologic
lesions caused by exposure. At 19 months postexposure one-half of
the remaining rodents will be sacrificed. They should have attained
almost a normal lifetime age at that time without having experi-
enced a large number of deaths. This sacrifice should provide
statistically satisfactory samples of animal tissues which will
not be compromised by cannibalism or postmortem degeneration. The
rest of the rodents will be held until mortality in any group of
each species reaches 90% of the original number, at which time all
representatives of that species will be sacrificed for gross and
histopathologic examination.

Purebred beagle dogs used in this study were provided by the
Air Force. Fischer 344 rats and C57B1/6 mice were the rodent strains
selected for use in the study. All animals were fed ad libitum and

cleaned daily.

50




The experimental animals were randomized from the main group
after quality control procedures and quarantine had been completed.
Assignment of the animals from each species to each group was made
by use of the THRU Computer Program RANDUM which utilizes the FORTRAN
library subroutine RANF(X). '

Each exposure chamber contained 3 each male and female dogs,
75 male and 75 female rats, and 150 female mice. Another group
with the same numbers of animals was held at the Air Force Veterinary
Services Division (Vivarium) as controls.

All animals were observed hourly during exposure and will be
observed daily thereafter until the mortality rate becomes significant
enough to warrant more frequent examination.

Rats and dogs were weighed individually at biweekly intervals
during exposure and rats monthly during the postexposure period.
Mice were weighed in groups and group mean weights followed on a
monthly basis throughout the experimental period. Blood samples
were drawn from dogs at biweekly intervals and clinical determina-
tions made for the series of tests shown in Table 15.

TABLE 15. CLINICAL HEMATOLOGY AND CHEMISTRY TESTS PERFORMED
ON DOGS AND RATS EXPOSED TO JP-5 VAPORS

Hematology Chemistry
Hematocrit Sodium
Hemoglobin Potassium
Total RBC Calcium
Total WBC Albumin/Globulin
Differentials Total Protein
Mean Corpuscular Volume (MCV) Glucose
Mean Corpuscular Hemoglobin (MCH) Alkaline Phosphatase
Mean Corpuscular Hemoglobin SGPT

Concentration (MCHC) Bilirubin
RBC Fragility Creatinine

BUN

Most of the above tests are included to detect the onset of any
blood dyscrasias since these have been the major reported effects
of exposure to benzene. Other tests could reveal toxicity to
specific organs such as liver or kidney. All animals that died

or were sacrificed in these studies were necropsied. The list of
tissues taken for histopathologic examination is given in Table 16.
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TABLE 16. TISSUES SAMPLED FROM ANIMALS EXPOSED TO

JP-5 VAPORS
Gross lesions Liver
Tissue masses or suspect Thigh muscle

tumors and regional

lymph nodes Sciatic nerve

Sternebrae, vertebrae,

Skin or femur (plus
Mandibular lymph node marrow)
Mammary gland Thymus

Salivary gland Gall bladder
Larynx Pancreas

Trachea Spleen

Lungs and bronchi Kidneys

Heart Adrenals

Thyroid Bladder
Parathyroids Seminal vesicles
Esophagus Prostate

Stomach Testes

Duodenum Ovaries

Ileum Uterus

Colon Nasal cavity
Anus Brain

Mesenteric lymph node Pituitary

Blood smear Bone marrow smear

JP-5 Generation and Monitoring

The basic design for the JP-5 generation system was adapted
from a previous study on JP-4. Since petroleum based jet aircraft
fuels are multicomponent with a wide boiling range, it was necessary
to operate both animal exposure chambers from a single master gen-
eration system (Figure 16) to assure similar exposure. To reduce
potential fire hazard, an overheat alarm with a fuel shut off capa-
bility was incorporated into the generation apparatus.

The fuel was metered in the top of two electrically heated
evaporator towers. Air entered the tower at the side near the
bottom while spent fuel was drained from the bottom. The hot
fuel vapor/air mix was split in the approximate volume ratio of
the chamber concentration and entered the respective chamber air
streams.
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In general, the mass of hydrocarbon vaporized per unit time
was dependent on the effective heat input while the vapor com-
ponent concentration was affected by the ratio of components pre-
sent in the fuel and the fuel flow rate. The system as operated
had a fuel flow rate limit of about 15 ml/tower per minute. Fuel
available for the study was another limitation on fuel usage.

The vapor concentrations for this study were finally deter-
mined empirically on the basis of fuel type and exposure system
operational characteristics. The upper limit was determined by
very rapid increases in aerosol concentration when saturation
vapor pressures of high boiling components were exceeded. Expo-
sure chamber air flow rate and/or heat input were used for control
of mass concentration and aerosol generation once basic chamber
operational parameters were determined.

Since it may be necessary to duplicate this system closely to
validly compare various fuels, a detailed description of the genera-
tion and analysis equipment along with diagrams is presented here.

Two identically operated solvent evaporator towers were re-
guired to generate sufficient fuel vapor for the assigned chamber
concentrations. The central zone of the glass tower is a cylinder
13 inches long by 1-3/4 inch 0.D. It has a 13-turn spiral 9 inches
long impressed in the wall to hold a heating coil and lengthen the
evaporation path. The top reduced to a "T" withalinchO.D.right arm
for vapor exhaust and a 1/4 inch O0.D. connector for input fuel.

The bottom reduced to a 1 inch O0.D. glass connector.

A double "T" of stainless steel tubing and pipe fittings al-
lowed input air, spent fuel exit and temperature monitoring probe
on the waste fuel. A valve downstream controlled air/spent fuel
flow to reduce vapor loss from the bottom of the tower.

The primary source of heat is a 1/4 inch 0.D. close coiled
Nichrome wire (B&S-20 ga., 1.1 Q/in., Wooge Manufacturing Co.,
Chicago, Illinois). The close coil length used on each solvent
evaporator tower was approximately 72 inches in length. It is
rated 400 watts with 115V on 28 inch coil length.

Additional heat was added to the system by wrapping the metal
fittings at the bottom of the tower with a heat tape. Both tower
and base heat sources were controlled by voltage regulation using
variable voltage transformers.

Rather large volumes (100-150 gallons) of fuel were necessarily
present in the area adjoining the chambers for prolonged periods of
time. Because the system had to operate unattended except for
hourly operational checks continuously for over 100 days for each
study, an overheat alarm/shutdown system shown in Figure 17 was in-
corporated. Four temperature probes, each capable of system shut-
down were placed at the most sensitive problem areas (fuel vapor/
air mix leaving each tower and fuel draining from bottom of each
tower). The temperature at each probe position was recorded hourly.
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Figure 16. JP-5 contaminant introduction system.
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On shutdown, all heater power was turned off, fuel flow stopped
and fuel pressure relieved and the fuel drums vented through the
generation hood exhaust. In case of power failure, the whole sys-
tem would shut down in the same manner. The temperature limit
used was 120 F at the fuel vapor/air mix leaving the tower. Both
upper and lower sensor system were set to trip off at 140 F.

A Beckman Model 400 Hydrocarbon Analyzer was used for mass
analysis. Both chambers were analyzed using a single analyzer by
dilution of the higher JP-5 concentration chamber sample to a similar
concentration as the low concentration using input chamber air for
diluent and as the source of baseline air (see Figure 18).
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Figure 18. JP-5 sampling and analysis system.

Since instrumental response is directly related to the total
carbon content of the sample, standardization was possible using a
reliable defined system. Instrument grade propane (99 + % as C3),
diluted in 100 liter mylar bags served as standards. Instrumental
response was determined to be linear and stable for prolonged periods
of time, provided the instrumental parameters were strictly main-
tained. The response was set to give the desired concentration a
span of 60% full scale to maximize sensitivity while allowing for
excursions in control of up to 50%.
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Twenty-four hourly mean readings were used for daily concen-
tration determinations. Use of the teletype and Base computer re-
duced calculation time to less than three minutes per chamber per
day.

JP-5 Component Analysis - Gas Chromatography

In the first phase of this program, it was considered nec-
essary to analyze for benzene concentration in the chamber.
Of the column materials studied, SE30 as liquid phase gave the most
promising separation. Two different columns have been used, one
12 ft. x 1/8 in. stainless steel, 10% SE30 on Chromosorb W-AW and
the other 10 ft. x 1/8 in. stainless steel, 10% SE30 on Chromosorb
W-HP.

Although the low benzene concentration in the fuel eliminated
the need for continuous exposure chamber sampling for it, the col-
umns proved satisfactory for (a) quality control checks of each
drum before use, (b) spent fuel check for evaporation system opera-
tion, and (c¢) to give routine fingerprint analysis (along with
benzene concentration) of the chamber as an operational check on
the whole system.

The Varian 1200 was used for routine monitoring and was oper-
ated isothermally with the oven set at 40 C. Routine chromatographs
were limited to peaks eluted in the first 20 minutes. A Spectra
Physics Model I Computing Integrator was programmed to analyze the
peak areas and give benzene concentration in ppm for the chamber
samples.

The quality control study employed for selecting exposure con-
centrations used a head space sampling technique. One half ml of
fuel was injected in a sealed sample vial. The vial was equilibrated
for at least 15 minutes at 30 C before injection of a 20 pl head
space sample from the vial. All JP-5 drums were found identical
and a typical chromatogram is shown in Figure 19. The waste fuel
not volatilized in the solvent evaporator tower was examined in a
similar manner but the samples injected into the gas chromatograph
was usually a 50 ul volume of vapor. A chromatogram of headspace
vapor is shown in Figure 20. These 2 chromatograms illustrate the
effective stripping of lower boiling fractions of the JP-5 fuel
and is typical of what happens in human exposures from fuel spills,
that is, that the resultant vapor exposures from solvent fuel mix-
tures are proportional to the specific vapor pressure of individual
components.
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Figure 19. JP-5 drum quality control sample.

(20 yl injection, headspace equilibrated at 30 C
for 15 minutes. Varian 1200, FID, 12 ft. x 1/8 in.,
SS, 10% SE30 on Chromosorb W-AW, isothermal 40 C.)
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Figure 20. Waste JP-5 quality control sample. (100 ul
injection, headspace equilibrated at 30 C for 15 minutes.
Varian 1200, FID, 12 ft. x 1/8 in., SS, 10% SE30 on
Chromosorb W-AW, isothermal 40 C.)

As stated previously animal exposures to JP-3 vapors were
planned to be based on air concentrations which would result in
chamber concentrations of benzene equal to 10 and 1 ppm. This
contrasted with JP-4 exposures that had a benzene concentration
of 25 ppm at the highest level and resulted from the reduction
of the TLV for benzene from 25 to 10 ppm by the American Conference
of Governmental Industrial Hygienists during the intervening period.
In preliminary tests of JP-5 vapor generation in the exposure cham-
bers it was determined that even though military specifications for
refining of JP-5 fuel permitted up to 25% aromatic hydrocarbon con-
tent the actual benzene content was very low. The highest benzene
concentrations we were able to achieve in the exposure chamber
ranged from 0.5 to 0.7 ppm and these levels were reached at a JP-5
vapor concentration of 1.5 mg/liter which also was the highest
stable concentration attainable. At JP-5 vapor concentrations
approaching 2.0 mg/liter recondensation of fuel occurred in the
introduction system which required frequent draining of the air
lines. Consequently the JP-5 concentrations selected for animal
exposures were 1.5 and 0.15 mg/liter.

Experimental Results

Exposure of dogs to 1.5 mg/liter JP-5 began on 27 July and
mice on 3 August 1977. Shortly after initiation, unexpected deaths
occurred in the exposed mice. Seventy-five of the group of 150
were dead by the end of 6 exposure days. Dogs were lethargic and
appeared to be sleeping more than normal. Oily deposits were no-
ticeable on the fur of both species and, in addition, oil deposits
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were seen on the chamber windows. Examination of the daily records
from the hydrocarbon analyzer showed no significant deviation from
the desired concentration of 1.5 mg/liter JP-5. The evidence was
that generation of this concentration of JP-5 was producing an aero-
sol which was lethal to mice after a few days exposure.

Therefore, a Royco® particle counter was used to obtain some
estimate of the aerosol concentration and distribution in the JP-5
exposure chambers. The resulting data are shown in Table 17. Over
the range of particle sizes examined, chamber 7 had a much higher
aerosol density than chamber 6.

TABLE 17. COMPARISON OF AEROSOL COUNTS OF
AIR IN JP-5 EXPOSURE CHAMBERS

Particles per Cubic Foot

Particle Chamber 6 - Chamber 7
Diameter, um (0.15 mg/L JP-5) (1.5 mg/L JP-5)
0.5 - 0.7 272 2.1 x 10°
0.7 - 1.4 100 1.5 x 10°
1.4 - 3.0 75 1.3 x 10°
3.0 - 5.0 12 4.4 x 10°
> 5.0 11 1.3 x 108

The rate of introduction of JP-5 into chamber 7 was then low-
ered to give a chamber concentration of 0.75 mg/liter. After allow-
ing time for equilibration, particle density was again measured with
the results shown in Table 18. Also shown for comparison is the
aerosol density found in laboratory air.

TABLE 18. COMPARISON OF AEROSOL COUNTS IN JP-5
EXPOSURE CHAMBERS AND IN LABORATORY AIR

Particles per Cubic Foot

Particle Laboratory Chamber 6 Chamber 7
Diameter, um Air (0.15 mg/L) (0.75 mg/L)
0.5 - 0.7 1400 740 3900
0.7 - 1.4 130 360 2300
1.4 - 3.0 41 310 900
3.0 - 5.0 7 200 33
> 5.0 4 3 11

Although no animals were in chamber 7 when measurements shown
in Table 18 were made, it is obvious that the density of aerosol
had been greatly reduced by decreasing the concentration of JP-5.
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Based on the evidence that animal chamber JP-5 concentrations
of 1.5 mg/liter produced an aerosol exposure along with the vapor
exposures and was fatal to mice after several days of continuous
exposure the initial study was terminated. The new JP-5 subchronic
exposure study concentrations selected were 0.75 and 0.15 mg/liter.
A new group of dogs was selected from the original stock group for
use in the 0.75 mg/liter JP-5 exposure. The number of mice in each
group had to be reduced to avoid delays from ordering new animals.

Some spare mice were available and were incorporated into the pool
for redistribution of the exposure groups. Each study group then
consisted of 111 mice instead of the original 150. The animals were
phased into the exposure chambers, which were being operated at the
selected JP-5 concentrations, over a 3-week period to allow their
sequential removal from exposure after 90 days for specific tests
and necropsy. The animal introduction schedule used is shown below:

Chamber 6 - 0.15 mg/liter JP-5 Chamber 7 - 0.75 mg/liter JP-5
Dogs - Thursday, 28 July Dogs - Thursday, 11 August
Mice - Friday, 5 August Rats - Friday, 12 August

Rats - Wednesday, 10 August Mice - Monday, 15 August

Exposure concentrations presented to the animals in the chambers
were well controlled throughout the study. The maximum variation in
the 0.75 mg/liter JP-5 exposure chamber was 7% high for a single daily
mean concentration giving a value of 0.796 mg/liter. The lowest daily
mean for this chamber was 0.716mg/liter. In the 0.15mg/liter JP-5 expo-
sure chamber the variation in daily mean values was even smaller with
a range of values from 0.148 to 0.157 mg/liter. Samples of chamber
air for gas chromatographic examination of solvent peaks in the JP-5
vapors generated were collected from the pressure side of the hydro-
carbon analyzer system. Usually 2 ml samples were drawn for injection
into the gas chromatograph. The chromatograms made in this manner
were used to determine benzene concentration in the chambers. A
typical chromatogram of chamber air is shown in Figure 21 where the
benzene peak used for analysis is eluted from the column at 10.5
minutes. This chromatogram differs from those shown of headspace
samples from unused JP-5 and the waste JP-5 in that the vapors gen-
erated for chamber introduction are created at approximately 50 C
while those used for headspace analysis are from raw or used fuel
heated to 30 C. It should be noted that these chromatograms do not
show all of the hydrocarbon peaks in the JP-5 fuel but are repre-
sentative of the low boiling fractions which come off the gas chro-
matographic column in the first 20 minutes.

Benzene concentrations in the 0.15 mg/liter JP-5 exposure cham-
ber range around 0.1 ppm with the lowest value measured 0.06 ppm and
the highest 0.12 ppm. In the 0.75 mg/liter JP-5 exposure the benzene
concentration was usually 0.5 ppm with a range of measured values
of 0.33 to 0.57 ppm.
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Figure 21. A typical chromatogram of chamber air
containing 0.75 mg/L JP-5. (2 ml injection of

dome atmosphere. Varian 1200, FID, 12 ft x 1/8 in.,
SS, 10% SE30 Chromosorb W-AW, isothermal 40 C.)
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Effects on Animals

The growth of male Fischer 344 rats was retarded by ex-
posure to JP-5 vapors as shown in Figure 22, The mean body
weights of both the 0.15 mg/liter and 0.75 mg/liter JP-5 exposure
groups were significantly different from unexposed control rats at
the 0.01 confidence level throughout the exposure phase and until
the eighth month of the study when the difference dropped to the
0.05 significance level. The observed effect was similar for both
exposure groups with no apparent dose response. The growth of fe-
male rats, shown in Figure 23, was also affected but not as much as
the changes seen in males. A period of weight loss observed in the
controls decreased the apparent difference from exposed animals.
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Figure 22. Growth of male rats exposed 90 days
to inhaled JP-5 vapors.
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Figure 23. Growth of female rats exposed 90
days continuously to inhaled JP-5 vapors.

The growth of beagle dogs exposed to JP-5 vapors was unaffected
after 90 day continuous exposure as shown in Figure 24. Clinical
measurements made on blood samples taken from the dogs at biweekly
intervals showed a slight but significant decrease in red blood cell
counts and in hemoglobin levels in the 0.75 mg/liter JP-5 exposed
group of dogs. A trend toward lower hematocrit levels was also ob~
served. Also noted in this group of dogs were significant differ-
ences from control dogs in serum albumin levels which resulted in
decreased A/G ratios as shown in Tables 19 and 20 respectively.
These data show a trend toward lower values in the dogs exposed to
the highest concentration of JP-5 but are still within normal bio-
logical limits except for one dog that had an inverted A/G ratio
for the last two sampling periods. Blood urea nitrogen levels were
also increased at various sampling periods but this change occurred
only sporadically.
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WEEKS
Growth of beagle dogs exposed

90 days continuously to inhaled JP-5 vapors.

SERUM ALBUMIN DETERMINATIONS IN BEAGLE D0OGS? EXPOSED

TABLE 19.
CONTINUOUSLY TO JP-5 VAPORS FOR 90 DAYS
Weeks of Unexposed 0.15 mg/L 0.75 mg/L
Exposure Controls Exposure Group Exposure Group
-4 3.4 ((14) 3.2 (L14) 3.4 (.24)
-1 3.4 (.10) 3.2 (.19) 3.3b612)
1 3.4 ((11) 3.2d017) -
3 3.5 (.12) 3.19(.18) 3.22(.14)
5 3.5 (.15) 3.29.23) 3.04.11)
7 3.5 (14) 3.%%.20) 3.%5.12)
9 3.6 (.08) 3.3%(.15) 3.%%.08)
11 3.5 (.10) 3.4%.15) 3.2% 14)
13 3.6 ((19) 3.5 (14) 3.4 (.14)
IN=6 dgignificant at the 0.01 level

Sample lost
Significant at

()Standard Deviations

the 0.05 level

64




TABLE 20. ALBUMIN/GLOBULIN RATIOS DETERMINED IN BEAGLE DOGS?
EXPOSED CONTINUOUSLY TO JP-5 VAPORS FOR 90 DAYS

Unexposed 0.15 mg/L 0.75 mg/L
Exposure Controls Exposure Group Exposure Group
-4 1.6 (.09) 1.5 (.03) 1.7 (.27)
-1 1.7 (.16) 1.6 (.19) 1.%#.22)
1 1.6 (.05) 1.6 (.10) -
3 1.6 (.24) 1.5 (.20) 1.6 (.10)
5 1.6 (.04) 1.6 (.17) 1.5 (.15)
7 1.6 (.10) 1.6 (.23) 1.4°(.23)
9 1.7 (07) 1.7 (.23) 1.4 (.23)
11 1.7 (.20) 1.6 (.19) 1.3 (.38)
13 1.6 (.07) 1.5 (. 13) 1.3(.29)
ZN=6 ®Significant at the 0.01 level
Sample lost ()Standard Deviations

Red blood cell fragility was significantly increased in female
beagles (Figure 25) exposed to the 0.75 mg/liter JP-5 vapor concen-
tration and although not statistically significant was also increased
in the lower exposure group. The increase in red blood cell fragility
was significant for both exposure groups of male dogs and as seen in
Figure 26 appears to be dose related. These findings may help to
explain the decreases in red blood cell counts and hemoglobin levels
measured in these animals.

Blood samples were collected from individual rats of the 25
from each study group sacrificed for examination upon completion
of the 90 day exposure to JP-5 vapors. The samples were taken
under anesthesia from the exposed brachial artery. Some difficulty
was encountered in the collection of these samples and a large
number of samples were partially hemolyzed. The data from hemo-
lyzed and unhemolyzed samples were compared, and means found to
be essentially identical. Therefore, data from hemolyzed samples
were included for analysis of exposure effects.

The data are shown in Table 21 for female rats and in Table 22
for males. The elevation in potassium values might appear to be
related to hemolysis but, as noted above, values from hemolyzed
samples were not significantly different from controls. Probably
the number of red cells hemolyzed was small even though serum color
was visibly deepened. Statistical comparison within groups between
hemolyzed and nonhemolyzed samples indicated that SGOT and total
bilirubin determinations may have been affected by the degree of
hemolysis present. Therefore, these determinations are not reported.
Although a number of mean values for various clinical chemistry de-
terminations are statistically significant the differences are with-
in normal biological ranges and are not thought to be clinically
important with the exception of BUN and creatinine changes which
may be related to tissue changes observed.
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